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CHAPTER I 
Introduction 
1.1 Background : 
The primary motivation for studying nucleus-nucleus collisions at relativis-
tic and ultra-relativistic energies is to investigate matter at higher and higher 
energy densities (c >> IGeV/fm^). The system created in these high-energy 
heavy-ion collisions reach energy densities close to the "critical" value of about 
1.5-3 GeV/fm^, corresponding to temperatures lying in the range 150-190 MeV, 
where lattice QCD predicts a phase transition to take place to a deconfined 
state of quarks and gluons- the Quark-Gluon Plasma (QGP) as indicated [1] 
in the phase diagram Fig. 1.1. The study of the phase diagram of strongly 
interacting matter will help address some basic questions relating to the origin 
of hadron masses, restoration of chiral symmetry, structure of neutron stars, 
supernova dynamics and the early Universe. 
QGP is believed to have existed in the early Universe [2], just before few 
microseconds after the Big Bang and is also believed to exist in the core of the 
neutron stars[3]. However, the only possibility to study quark-gluon plasma in 
the laboratory is through the collision of heavy nuclei at relativistic energies 
[4-7]. 
By the mid-1980s, as the design of the RHIC ( Relativistic Heavy Ion 
Collider ) was being finalised, the first ultra-relativistic nuclear beams be-
came available. Silicon and Gold ions were accelerated to 10 GeV/nucleon at 
Brookhavens Alternating Gradient (proton) Synchrotron (AGS). In Switzer-
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Fig 1.1 QCD Phase Diagram. 
land, the CERN Super Proton Synchrotron (SPS) began providing 160-GeV/nucleon 
beams of Sulphur and Lead nuclei. But as these were fixed target experiments, they 
provided modest centre-of-mass energies of 5 and 17 GeV per nucleon pair respectively. 
Although the AGS and SPS centre-of-mass energies were far below than that of RHIC 
(Where the centre-of-mass energy between nucleons in Au-Au collision is 200 GeV), 
they provided the first opportunity for extensive studies of heavy-nucleus interactions at 
collision energies high enough to produce particles in abundance. The AGS and SPS 
fixed target experiments measured the abundances and spectra of many species of 
particles produced in heavy-ion collisions. The results obtained from these experiments 
clearly indicated that relativistic nucleus-nucleus collisions are very different 
from a simple superposition of nucleon-nucleon interactions. These experi-
ments have substantiated the expectation that heavy-ion experiments are an 
appropriate tool to create equilibrium hadronic matter and eventually the 
quark gluon plasma. 
After fixed target experimental programs at BNL-AGS and CERN-SPS, 
RHIC has become the new high-energy frontier in the study of heavy-ion col-
lisions. In June 2000, RHIC reported the first collisions between Gold nuclei 
at centre-of-mass energies of v/5jv;v = 65 GeV per nucleon-nucleon pair. In 
2001, the first collisions at the maximum RHIC energy of VS^N = 200 GeV 
were recorded which is about 10 times higher than that produced at AGS or 
SPS. The first data from RHIC have revealed certain exciting and qualita-
tively novel features like increased initial energy densities and temperatures, 
jet quenching, j/psi production, possibility of pentaquarks etc., and represent 
a major advance of heavy-ion physics in the ultra-relativistic energy regime. 
The LHC is expected to be operational in 2008 with Pb ions at a centre-
of-mass energy of about 6.4TeV per nucleon pair. While LHC is primarily a 
proton-proton collider, it will feature a heavy-ion program from day one with 
the dedicated ion experiment, ALICE. Extrapolating present results, it is evi-
dent that at LHC all the parameters relevant to the formation of QGP like the 
enegy density, size and lifetime of the system, etc., will be more favourable. 
At LHC, particle densities of several thousand per unit rapidity , a freeze out 
volume approaching 100,000 fm^ and an initial temperature close to 1000 MeV 
is expected [8]. Another unique feature of heavy-ion physics at LHC is the pos-
sibility of measuring a large number of observables with very high precision 
on an event-by-event basis : impact parameter, multipUcity, particle ratios, 
spectra and various other important observables. 
Nothing can be said unambiguosly about the formation of QGP and other 
exotic phenomena at the coUision energy considered in the present study. How-
ever, an extensive and critical analysis on the data can pave a way to a clear 
understanding of the coUision dynamics. Study of collisions at relativistic 
energies involving nuclear targets enable us to investigte the space-time devel-
opment of the formation of secondary particles. Some definite and interesting 
conclusions regarding the mechanism of particle production can be drawn by 
studying various aspects of multiplicity of relativistic charged particles pro-
duced in nuclear collisions at different incident energies, for example, mean 
multiplicity, multipUcity distribution and its dispersion, thier dependence on 
the projectile energy and masses of the target and projectile nuclei, etc. Thus 
systematic and thorough investigation of emission characteristics of secondary 
particles producing black, grey and shower tracks will lead to a better under-
standing of the processes involved in nucleus-nucleus collisions at relativistic 
energies. 
In the present study mechanism of multiparticle production is investigated 
by analyzing various emission characteristics of 14.5 A GeV/c ^^Si-beam emul-
sion interactions. Details about the stack used, scanning procedure and various 
measurements carried out in the present study are discussed in Chapter II. 
Various characteristics of nucleus-nucleus collisions at 14.5 A GeV/c like 
multiplicity of producd particles, multiplicity distributions and correlations 
among the produced particles are presented in Chapter III. The dependence of 
these observables on the projectile energy and the target mass have also been 
discussed. 
Results on rapidity gap distributions have been presented in chapter IV. 
This aspect has been investigated to see any possible formation of interme-
diate clusters in the nucleus-nucleus collisions. This is based on the simple 
idea that particles coming from a cluster will lie close in the rapidity space. 
Attempt is also made to determine the cluster size and the number of clusters 
present in an interaction. Furthermore, the dependence of these aspects on 
the target mass and multiplicity of relativistic charged oparticles, Uj, has also 
been looked into. 
The concluding chapter summarizes various results obtained in the present 
study. 
1.2 Models of Nucleus-nucleus collisions : 
The study of multiparticle production at high energies has been one of the 
most extensively studied topics in the recent years. From time to time, various 
models have been put forward to explain the mechanism of particle prouction 
in high energy heavy-ion collisions. Some of the models have been briefly de-
scribed below. 
1.2.1 Wounded Nucleon Model : 
The success of the Wounded Nucleon Model in the description of general 
characteristics of hadron-nucleus collisions over a wide energy range has been 
remarkable. The average charged particle multiplicity in hadron-nucleus colli-
sion exhibited a slow increase than the number of individual nucleon-nucleon 
collisions in various experiments at Fermilab [9], NA5 experiment and different 
emulsion data. This number, denoted usually by 'v' is given by: 
v = A ^ (1) 
and the data gives the following dependence of the ratio of charged particles 
produced in hadron-nucleus and hadron-proton collisions as : 
H = i ^ = ^ (2) 
{n)hp 2 
This is just the ratio of the number of participants in hadron-nucleus and 
hadron-proton collisions[9]. In its original form, Wounded Nucleon Model 
envisages that the particle production in nucleus-nucleus collision can be rep-
resented as a superposition of independent contribution from the wounded 
nucleons in the projectile and in target. Consequently, density of particles in 
a collision of nuclei of mass numbers A and B is given by [10]: 
^ ^ = WAFAiy) + WBFB{y) (3) 
ay 
where WA and w^ are the nos. of wounded nucleons in nuclei A and B, 'y' is the 
rapidity in the centre-of-mass system of the collision and FA{y) is a contribu-
tion from a single wounded nucleon in A. Similarly, FB(y) is the contribution 
from a single wounded nucleon in B. 
1.2.2 Participant-Spectator Model : 
The Participant-Spectator model [11] of a heavy-ion collision is illustrated 
in Fig. 1.2. The nuclei are Lorentz contracted along the direction of motion. 
Projectile 
^ - ^ 
Projectile 
Spectators 
Participant region 
Spectators 
Fig 1.2 Participant-Spectator model for nucleus-nucleus collision 
a) two Lorentz contracted nuclei before collision. Impact parameter 'b ' 
determines the central ity, 
b) after the collision, a participant region with high temperature and 
density is created. 
The transverse distance beween the centres of the two colliding nuclei is called 
the impact parameter, denoted by symbol 'b'. For a given impact parameter, 
only the nucleons in the overlap region of the nuclei participate in the collision. 
These nucleons are usually called participants, the rest that do not participate 
in the collision are called spectators. For a head on collision, b=0 and the 
number of participants Npart will just be 2A in the hard sphere limit for an 
A+A collision. 
The participating nucleons from overlapping nuclear parts create a vol-
ume of high temperature and density, while the spectators move basically 
undisturbed through the coUision.To determine the collision geometry, mea-
surements of quantities, which are strongly correlated to the number of par-
ticipants, are used, such as transvese and forward energies and the no. of 
produced particles. 
1.2.3 Hydro-dynamical Model : 
This model was originally proposed by Landau [12] for explaining the mul-
tiparticle production phenomena in high energy hadronic collisions. Since then 
the model has been developed progressively as acceleator data at higher and 
higher energies became available. This model envisages collision of two Lorentz 
contracted nuclei ( in the centre-of-mass frame ) leading to formation of 'hot 
and dense' matter, which is assumed to be in local thermal equilibrium. Ap-
propriate initial conditions in terms of distribution of fluid velocity and ther-
modynamical quantities are specified and then this 'hot and dense' matter 
follows hydrodynamical expansion, described by the conservation of energy-
momentum, baryon number and other conserved numbers. 
d^T"" = 0, (4) 
d^iubu'') = 0, (5) 
(6) 
where T"" = (e + p)u''u'' - pg"" (7) 
is the energy-momentum tensor, njg, n„ e, p are respectively the baryon 
number density, the strangeness density, the energy density and the pressure 
(specified in the proper frame of reference of the fluid element) and u" is the 
four-velocity of the fluid. Depending on the nature of the matter produced, 
some equation of state (Eos) is specified. 
As the expansion proceeds, the fluid becomes cooler and cooler and more 
rarefied, until the constituent particles interact no more and are decoupled. 
The observable quantities such as ^ , ^ are then computed by using these 
decoupled or free particles. 
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CHAPTER II 
Experimental Techniques 
2.1 Introduction : 
Multiparticle production is an important phenomenon in iiigh energy nucleus-
nucleus collisions. Various parameters relating to emission characteristics of 
secondary particles like space localization of the trajectories of charged par-
ticles, emission angles, momenta of secondary paiticles, etc., are of immense 
importance in studying the mechanism of multiparticle production in these 
collisions. 
Emission characteristics of particles produced in high energy hadron-nucleus 
(h-A) and nucleus-nucleus (A-A) collisions have been extensively studied us-
ing nuclear emulsion technique. As is well known nuclear emulsions serve as 
a detector as well as target and provide a good two-dimensional resolution; 
nuclear emulsions have high stopping power, which is about 1700 times more 
than that of the standard air [1]. Nuclear emulsions also provide 4 TT angular 
coverage which makes them quite unique and suitable for investigating general 
features of nuclear interactions like multiplicity distribution, pseudorapidity 
distribution, cross-section, etc. Despite several advantages, nuclear emulsions 
have some disadvantages also like limited storage, non-linear response , dead-
time at the beginning of an exposure, etc. 
2.2 Composition of nuclear emulsions : 
A photographic emulsion is essentially a dispersion of silver halide crystals 
in a gelatine matrix. ILFORD nuclear emulsions are fundamentally the same 
as general purpose photographic emulsions, but have the following several dis-
tinguishing features as well: 
i) Silver halide crystals are very uniform in size and sensitivity and 
ii) silver to gelatine ratio is much higher than in a conventional matrix. 
Gelatine, which provides a three-dimensional network to locate crystals, is 
composed of Carbon, Nitrogen, Oxygen and Hydrogen together with glycer-
ine. Glycerine is efficient to reduce the brittleness of the emulsion and the 
moisture in the emulsion prevents it from peeling off. A typical emulsion is 
composed [2-4] of : 1% hydrogen(H), 16% Carbon-Nitrogen-Oxygen(CNO) 
and 83 % silver-bromide(AgBr). The expression < A> = ^'j^ '; can be used 
to calculate the average mass numbers of different groups of nuclei. The values 
of (A) for H,CNO, emulsion and AgBr groups of nuclei thus turn out to be 
equal to 1, 14, 74 and 94 respectively. 
Table2.1 
Composition of the standard nuclear emulsion 
Element 
H 
C 
N 
0 
s 
Br 
Ag 
Atomic number (Z) 
1 
6 
7 
8 
16 
35 
47 
Mass number (A) 
1 
12 
14 
16 
32 
80 
108 
Density 
gm/cm^ 
0.05 
0.28 
0.07 
0.25 
0.01 
1.34 
1.83 
No. of atoms/cm^ 
(x 10^2) 
3.22 
1.39 
0.32 
0.94 
0.01 
1.01 
1.02 
2.3 Track formation 
Bethe-Bloch formula[7] gives the mean rate of energy loss,(-dE/dx), by 
a charged particle while traversing through a medium : 
dE .47rNZ2V.., . 2mt;2 . ^ i^ 
- T V = ( „ . . 2 . )H77i ^ ) - P] (1) dX ' mvM '^""'1(1-^2) 
where Z and A are respectively the atomic and mass numbers of the target 
atom, ze is the charge of the particle moving with a relative velocity I3{=v/c), 
c being the speed of light in free space, N denotes the Avogadro's number, m 
is the rest mass of electron and I represents the mean ionization potential of 
the target atoms. 
When an emulsion is exposed to an ionising radiation, clusters of silver 
atoms are produced. These are known as latent image centres, as they are not 
visible until the emulsion is developed, when all the crystals containing a latent 
image centre are reduced to metallic silver, which appear black. The track of 
a charged particle, thus may appear as a series of black grains. When devel-
oping ILFORD nuclear emulsions, a developer is usually chosen which reduces 
those crystals containing a latent image centre completely and leaves those 
not containing a centre unchanged. All the residual silver halide is removed 
by fixation, leaving the metallic silver to form the image. If the silver halide 
was left in the emulsion, it would slowly go brown and degrade the image. 
Information regarding the nature and velocity of the particle producing 
the track can be determined by studying the characteristics of a track. Gener-
ally, particles moving with higher velocities may ionize weakly and hence the 
grains formed will be quite rarer. 
2.4 Ionization measurements 
Though there are various methods to determine the ionization caused by 
charged particles while travelling through a medium, every method has certain 
limitations and is not efficient enough for measuring ionization caused by all 
types of charged particles. Some of the methods employed for measuring the 
ionization caused by charged particles are discussed below : 
(i) Grain density method 
This method is used for identifying the tracks produced by relatively faster 
particles. The number of developed grains per unit length of a track is known 
as grain density of a track. Specific ionization, g* =(-^) ; where g is the grain 
density of any track and go is the corresponding grain density of the primary 
track, is a very good parameter for estimating the ionization produced by a 
charged particle. 
(ii) Blob said gap method 
This method is quite suitable for measuring ionization produced by a 
charged particle having comparatively smaller velocity. A slower charged par-
ticle produces relatively more ionization and consequently, grains are formed 
close together and exact counting of the grains becomes quite difficult. Blob 
and gap method is based on the observation of 0 ' Ceallaigh[7], that the gap-
length distribution follows exponential behaviour as: 
H{1) = 5e(-«') (2) 
where H(l) denotes the density of the gaps having lengths greater than a cer-
tain length 1 and B represents the blob density. It may be noted that the gap 
length, 1, is chosen in such a manner that the number of blobs is roughly four 
times the number of holes. Hence, by counting the numbers of holes and blobs, 
the value of g is calculated using Eq. 2. 
(iii) Delta-ray counting 
While traversing a nuclear medium, if the energy transferred by a charged 
pzirticle to an atomic electron is very large, a series of short tracks appear 
branching from the main track.These short tracks having length greater than 
a certain minimum length are known as delta-rays [7-8]. This phenomenon 
may be attributed to the ionization producecd due to the secondary charged 
particles. Generally, the grain configuration to be counted as a 5-ray must 
attain a minimum displacement of 1.58// from the axis of the main track. 
2.5 Data Analysis 
The Data was collected using Ilford G5 emulsion stacks exposed to the 
14.5A Gev ^*Si beam from the Alternating Gradient Synchrotron (AGS) at 
Brookhaven National Labvoratory (BNL). NIKON microscope with 40X ob-
jective and a lOX eyepiece was used to scan the plates. Each Plate was scanned 
by two independent observers to increase the scanning efficiency. The final 
measurements were performed using an oil-immersion lOOX objective. 
After scanning ,the events were chosen according to the following criteria : 
i) to ensure that the events considered are due to the real projectile beam, 
the incident beam track should not exceed more than 2° from the main beam 
direction in the pellicle. 
ii) events lying within 20/Ltm from the top and bottom surface of the pellicle 
were rejected. This was done to reduce the error in the angle measurements. 
iii) To ensure that the sample of events finally selected were due to genuine 
beam primaries and were not contaminated with the secondary interactions 
due to particles/fragments produced in some other interactions in the same 
pellicle, all the primary tracks were followed back. 
All the treicks produced by charged secondaries in these events were classified 
using emulsion terminology into the following groups : 
i) Black Tracks (n &) : 
Tracks produced by particles with specific ionization g*>10 ( g* = g/go ),where 
go is the plateau ionization of a relativistic singly charged particle.This corre-
sponds to protons of relative velocity ^ < 0.3 and range in emulsion L < 3.00 
mm . 
ii) Grey Tracks (ng) : 
Tracks with specific ionization 1.4 < g*<10 corresponding to protons hav-
ing velocity in the interval 0.3 < /3 < 0.7 and range L > 3.0 mm in nuclear 
emulsion. The black and grey tracks taken together in an event are known as 
heavily ionizing tracks n/, = nj, + n,,. 
iii)Shower Tracks (ug) : 
Tracks with specific ionizations g* < 1.4 which corresponds to particles having 
relative velocities ^ > 0.7 are reffered to as shower tracks. These tracks are 
mostly due to pi-mesons with small admixture of charged kaons and relativley 
faster protons. 
The sum of the number of shower and grey tracks in an interaction is known 
as compound particle multiplicity and thier number in a collision is denoted 
by Uc = nj + n. 
The exact identification of target in emulsion experiment is not possible since 
the medium is composed of a mixture of H,C,N,0,Ag and Br nuclei. To en-
sure that the targets in the emulsion are silver or bromine nuclei , we choose 
only the events with at least eight heavily ionizing tracks of ( black -f- grey ) 
particles, that is n^ > 8 . The events which have the number of heavy tracks 
less than eight are due to the collision of the projectile beam with Carbon, 
Nitrogen and Oxygen nuclei present in the emulsion. These types of events 
are due to CNO nuclei. 
2.6 Angular measurements 
By determining the space angle of a track with respect to the primary, the 
angle of emission of a particle is determined. To get the space angle of a track 
with respect to the mean direction of the primary, its projected angle in XY 
plane and dip angle in YZ plane are determined directly. Once the projected 
angle, 9 p,and the dip angle , O^, are known the space angle is calculated from 
8^ = cos [cosOp * cosOd] (3) 
However, it is very difficult to measure the angles directly if the angular seper-
ation of a track is very small. In such cases, X, Y and Z co-ordinates at 
two points on the track are measured and 6p and Od are calculated using the 
following expressions: 
"'='"-'(§) <^) 
9. = tan-'[§) (5) 
It should be noted that the dip angle, 6d, in the unprocessed emulsion is 
calculated from: 
where S.F, is the shrinkage factor, which is the ratio of the thicknesses of the 
unprocessed and the processed emulsion. The space angles of the tracks having 
smaller angular separations are calculated[l] using 
9g = cos - 1 cos(tan-^(^^^ycos(tan-^(^^^' (7) 
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CHAPTER III 
General characteristics. 
3.1 Introduction 
Study of relativistic nucleus-nucleus collisions offers unique possibility to 
investigate the characteistics of hadronic matter at extreme values of tem-
perature and densities . At energy densities above a few GeV fm~ ,^ hadrons 
in the reaction zone are visualized not to exist as discrete entities; they are 
believed to dissolve into a plasma of quarks and gluons [1-2]. 
Nuclear collisions are complex multibody reactions in which three stages 
may be identified: i) the interpenetration of the nuclei with highly non-
equilibrium hadronic - and at high energies partonic interactions ; ii) the 
'burning' of the fireball with its evolution towards chemical and thermal 
equilibrium ; iii) the 'freeze out ' of the final state hadrons. There are var-
ious experimental observables which give access to the physics of a nuclear 
collision[3]. For investigating the salient features of the de-confined state of 
nuclear matter, QGP, a thorough study of the global observables such as 
deposition of energy, momenta spectra and multiplicity distribution of sec-
ondary particles is expected to play a crucial role in understanding the mecha-
nisms involved [4-6]. In the present section, some important characteristics of 
the produced particles such as mean multiplicities, multiplicity distribution, 
pseudorapidity distribution and correlation among the secondary produced 
particles in 14.5 A GeV/c ^^Si-nucleus interactions are presented. For com-
paring the experimental results of the present study with the corresponding 
results determined for the data generated using Lund Model, FRITIOF, are 
also presented. 
3.2 Particle Multiplicity & Multiplicity Distribution 
Particle multipUicity as a global observable is one of the most general 
characteristics of the nucleus-nucleus collisions and gives important informa-
tion about : i) how initial energy available is distributed for producing 
particles in the final state, ii) centrality of the collision and iii) underlying 
dynamics of the particle production mechanism. 
Multiplicity is regarded to be one of the most important parameters for 
studying multiparticle production mechanism and with a knowledge about its 
behaviour, different phenomenological and theoretical models can be tested 
and modified. Mean multiplicities of various types of charged secondaries 
produced in 14.5A GeV/c ^^Si-nucleus interactions are listed in Table 3.1 
and the values for ^*Si-nucleus and ^^C-nucleus collisions at 4.5A GeV/c [7-
8] are given in Table 3.2. It may be of interest to mention that (nj,), (rig) 
and (n,) are observed to vary with the projectile mass, Ap, as: {rix) oc Ap"'", 
where x = b, g, s, (rix) denotes the corresponding mean multiplicity and a^ 
is a constant to be determined using the relevant data. The values of ax are 
found to be a^ = 0.72±0.10, a^ = 0.67±0.09 and a, = 0.18±0.08. Prom Ta-
bles 3.1 and 3.2, the mean multiplicity of relativistic charged particles, {ua), 
is found to increase rapidly with the projectile mass which is compatible with 
the predictions of the superposition models[9-10]. 
From these tables it is seen that the value of the mean multiplicity of rel-
ativistic charged particles, (ng), increases with increasing projectile energy. 
The mean multiplicity of grey particles, {rig), also shows an increasing trend 
with increasing mass as well as energy of the projectile. However, the mean 
multiplicity of black tracks, (ub), does not exhibit any particular trend. On 
the other hand, the value of the mean multiplicity of charged particles, (nc) is 
observed to increase with increasing mass as well as energy of the projectile. 
In Table 3.1 the values of (ub), (ug), (n,) and (n,,) for the FRITIOF data 
are also presented. 
Multiplicity distributions give a deeper insight into the dynamics of the 
high energy nuclear interactions and the particle production process. Possi-
TableS.l 
Mean multiplicities of various charged particles for the experimental and 
FRITIOF generated data on 14.5 A GeV/c ^^  Si-nucleus collisions. 
(nj ) 
("fl) 
in.) 
{"/.) 
{rich) 
CNO 
2.84±0.11 
1.77±0.08 
16.33±0.63 
2.27±0.63 
18.15±0.64 
Experimental 
Em 
6.96±0.22 
4.65±0.17 
21.32±12.90 
5.23±0.85 
26.72±0.72 
AgBr 
10.50±0.24 
7.15±0.23 
26.25±0.86 
8.15±1.13 
17.64±0.40 
CNO 
1.92±.03 
1.81±.04 
19.81±0.44 
3.73±0.04 
21.62±0.46 
FRITIOF 
Em 
1.91±.03 
2.71±0.05 
23.58±0.41 
4.63±0.07 
26.30±0.45 
AgBr 
3.72±0.10 
8.24±0.10 
56.68±0.90 
11.95±0.18 
64.93±0.89 
Table3.2 
Mean multiplicities of particles produced in ^^C-nucleus and ^^Si-nucleus 
collisions at 4.5 A GeV/c 
("6) 
<",) 
(n.) 
inn) 
CNO 
3.00±0.10 
1.57±0.07 
4.98±0.22 
9.55±0.76 
4.5GeV/c 
i2C-beam 
Em 
7.37±0.02 
5.51±0.21 
6.91±0.19 
19.78±0.51 
AgBr 
13.70±0.36 
5.94±0.24 
8.87±0.26 
28.76±0.61 
CNO 
2.93±0.07 
1.53±0.06 
7.84±0.35 
12.30±0.36 
4.5GeV/c 
2® Si-beam 
Em 
6.74±0.41 
3.72±0.22 
13.26±0.45 
24.85±0.62 
AgBr 
13.31±0.31 
7.38±0.02 
17.09±0.58 
37.79±0.95 
bility of describing nucleus-nucleus (A-A) collisions as a superposition of h-h 
or h-A collisions may be investigaed by studying the multiplicity distribu-
tions of various classes of charged particles. Likewise , a detailed study of 
compound multiplicity, nc(=n(,-f-nj) is expected to provide useful information 
regarding the particle production mechanism[7,12-17]. Multiplicity distribu-
tions of relativistic charged particles produced in ^^  Si-nucleus collisions and 
compound multiplicity, nc(=ng-|-ns ), are displayed in Fig 3.1. These distri-
butions are described remarkably well by the negative binomial distribution 
( NBD )[4,11-12]. It has been seen that NBD is statistically equivalent to a 
combination of Poisson and logarithmic distributions. The NB distribution 
for n charged secondaries has two parameters, n and k, and energy depen-
dence of the distribution is described by the energy dependent parameter k. 
The distribution is expressed as : 
n \^ /-I I n\ ^ 
pin,n,k) = k{k + l) {k + n-l)\-^\ i—J^j (1) 
where n and n represent respectively the multiplicity and mean multiplicity; 
the value of k is determined from 
1 1 ^ D^n) 
k n n ^ ' 
The physical process involved in the interaction mechanism can be explained 
1 
•o 
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NBD 
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Fig. 3.1 n and n distributions for 14.5 A GeV/c 
S C 
28 Si-nucleus interactions. 
reasonably well by the cascade models[16-17 ]. It is further seen that the 
shapes of the distributions for the simulated data are nearly similar to those 
obtained for the experimental data. The estimated values of n, k and x^/D.F. 
for the NBD fits, obtained using the CERN standard programme, MINUIT, 
are given in Table 3.3. The experimental values of < rij >and < ric > are also 
presented in the same table. It is seen in the table that the values < n, > 
and < nc> for the collisions of ^*Si-nuclei with emulsion are reproduced very 
well by NBD. 
Table3.3 
Values of the parameters (n) , k , x^/D-F for the Experimental data on 
14.5A GeV ^sSi-emulsion. 
Data type 
EXP 
(ns) 
21.32 
±0.90 
{^s)est 
19.56 
±1.24 
Us 
k 
5.10 
±0.55 
x' 
0.79 
(n.) 
23.10 
±0.56 
ric 
i^s)est 
24.95 
±1.09 
k 
3.76 
±0.25 
X7D-F 
0.46 
3.3 Multiplicity correlations 
Multiplicity correlations are of great significance in the study of multi-
particle poduction in relativistic nuclear collisions. Several workers [9,12-13] 
have investigated the correlations of the type {ni{nj)), where i, j = b, g, s and 
h with i 7^  j , over a wide incident energy range involving different projectiles. 
In this section, an attempt is made to study multiplicity correlations amongst 
the secondary charged particles produced in 14.5A GeV/c ^*Si-emulsion in-
teractions . Shown in Fig. 3.2 are the correlations of (rii), x = b, g, c and 
h with n,. The experimental results are analysed by using the least squares 
fitting of the type :{ni{nj)) =aij + hijUj. The values of the slope 'b' and in-
tercept 'a' for various correlations are listed in Table 3.4. Prom Table 3.4 
and Fig.3.2 it may be concluded that there is a linear dependence between 
the mean multiplicities of heavily ionizing particles and n^. It can also be 
seen that (n/,) and {Uc) are individually quite strongly correlated with n^  in 
comparison to the correlations of {rib) and (ug) with n,. 
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Tables .4 
Values of a,^  and b,; in the multiplicity correlations in Si-Em interactions at 
14.5A GeV/c 
{ng) 
(Tib) 
{ric) 
("/.) 
O j j 
0.23±0.39 
3.57±0.88 
0.84±0.37 
3.80±0.85 
{ris) 
bi^ 
0.22±0.01 
0.52±0.03 
1.21±0.01 
0.37±0.03 
. . ^ — % ^ 
3.4 Angular characteristics 'Joiirer 
3.4.1 Pseudorapidity distribution 
Rapidity distribution allows us to address some important questions relating 
to reaction dynamics and the properties of particle-emitting source [3]. One 
uses rapidity distribution due to the reason that the shape of the distribution 
is Lorentz invariant.The rapidity of a particle, y, is defined as : 
-^'"(f^) (3) 
cV 
where E and p/ represent total energy and longitudinal momentum respec-
tively 
The rapidity of a particle in one frame of reference is related to rapidity 
in another moving Lorentz frame as: 
y> = y-yp (4) 
where y^ is the rapidity of the moving frame and is given by 
1, 1 + ^ Ufl = -In 
^^ 2 1-/9 
(5) 
This simple property of rapidity variable makes it suitable to describe the 
dynamics of relativistic particles [1]. At high energies pi » pt » m , where 
m and pt respectively denote the rest mass and transverse momentum of the 
secondary particle, the expression for rapidity reduces to, pseudorapidity, rj: 
a 
T) = —lntan{-) (6) 
where 0 is the space angle of the secondary particle with respect to the mean 
direction of the incident particle . Experimentally, it is not always possible 
to measure the energy and momentum of a particle , hence , it is more con-
venient to use pseudorapidity variable, 77. 
Pseudorapidity distribution of the relativistic charged particles emitted 
0.06-
Expenmental 
gaussianfit 
Fig.3.3 Pseudorapidity distribution of relativistic charged particles 
produced in 14.5 A GeV ^ °Si-emulsion interactions. 
in ^^Si-Em interactions at 14.5 A GeV/c is shown in Fig 3.3. As can be seen 
in the figure the distribution is nicely fitted by a gaussian distribution as 
predicted by various models [14]. 
In Fig 3.4, rapidity densities for different n/i-intervals are plotted to examine 
any target dependence. The distribution may be divided into three regions 
viz.jtarget fragmentation , projectile fragmentation and central /pionic re-
gions.The target fragmentation region corresponds to smaller T) -values, i.e., 
larger values of emission angles which is characterised by the target nuclei. 
The projectile fragmentation region envisaged to be populated by fragments 
of the projectile nucleus corresponds to larger values of q i.e. smaller angles 
of emission. The central region is believed to be populated by the particles 
produced in collision of participant region of the colliding nuclei and is inde-
pendent of either fragmentation regions [15]. 
Dependence of various angular characteristics, namely, pseudorapidity, 
average pseudorapidity, rapidity dispersion,rapidity widths etc., of relativis-
tic charged particles on n, is investigated by dividing the experimental data 
into the following Ug intevals : 
i) n, < 9 
ii) 10 < n, < 20 
0.07-, 
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Fig 3.4 Pseudorapidity distributions of relativistic charged particles 
produced in 14.5 A GeV/c 28Si-Em collisions for i) n^  > 8 and 
i i ) n ^ < 7 
iii) n, > 21 
7} spectra of relativistic charged particles produced in 14.5 A GeV/c *^Si -
emulsion interactions for the above n, bins are plotted in Fig 3.5. It may 
be seen that the trends of variation of r/ distributions remain almost similar 
at large as well as at smsdl q values , whereas the distributions peak in the 
central part of the T] spectrum. This would imply that the central part of ij 
distribution is enriched with particles. This criterion can be used to define 
the central rapidity region. Several interesting features of particle production 
such as thermalisation and hadronization, etc., are expected to be inherent in 
the central region. Also, the particles produced within this rapidity interval 
are visualized to be free from the influence of fragmentation of both target 
and beam nuclei [16-18]. 
Average value of pseudorapidity, (r/), for each coUsion was determined by 
the following relation: 
{v) = mErh (7) 
whre N represents the total number of particles produced in an interaction. 
Distributions of (r?) for the three categories of interactions are shown in 
Fig 3.6. It can be seen that the distribution shifts towards lower value of (r/) 
with increasing n, and the height of the peak also increases with increasing 
— n^<9 
•10<n <20 
n >21 
Fig3.5 Dependence of r|-distribution for different n intervals 
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n,. Also, the width of the distribution strongly depends on the multiplicity 
of relativistic charged particles [17-19]. 
3.4.2 0(77) distribution of relativistic charged particles 
Event-by-event calculation of rapidity dispersion,0(77), can be used to 
measure the clustering of the particles produced along the longitudinal rapid-
ity axis at higher energies [25-20]. The dispersion for each event is calculated 
using the following expression : 
D{r]) = m - m^ (8) 
Fig 3.7 displays the D{ri) distributions for the three classes of interactions 
characterized by : i) n^  < 9, ii) 10 < n, < 20 and iii) n, > 21. As can be 
seen D{r]) distributions remain essentially similar for the three groups of in-
teractions but the height of the peak in the central D(7;)region increases with 
increasing value of n,. Also, discernible peaks are observed in the central part 
of the 0(77) distributions, indicating thereby the occurrence of clusters[16-17]. 
For studying the dependence of the rapidity width R(j7) on the multi-
plicity of the relativistic charged particles produced in 14.5AGeV/c ^^Si -
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Fig 3 7 Distnbutions of dispersions of relativistic charged particles produced in 
in 14 5 A GeV '°Si-emulsion interactions for different n intervals 
emulsion interactions the value of R(7?),defined as : 
Riv) = Vmax - rjmm (9) 
for each event is calculated. Fig 3.8 shows that R{r)) distribution strongly 
depends on n, and the peak of R(r?) distribution is observed to shift to-
wards higher values of R(77) with increasing multiplicity of relativistic charged 
particles[16-20]. 
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CHAPTER IV 
Study of Rapidity Gap Distribution and 
Correlations. 
4.1 Introduction 
Pasticle ptodactiots. ia bigb. eimtgy hadtQuk and auckar CQllkinns has 
been extensively studied by many workers [ 4-10 ]. It has been envisaged 
that clusters may be formed during an intermediate stage of an interaction, 
which ultimately decay into real physical particles. Formation of clusters 
and thier sizes can be studied by examining the behaviour of rapidity differ-
ences between the n*'' nearest neighbours [4-7].For this purpose, the values 
of pseudorapidities of all the relativistic charged particles in each event are 
determined and arranged in ascending or descending order leaving out the 
minimum and maximum values of rapidities for they are considered to consti-
tute leading and target particles. Two-, three-, four- and five-particle rapidity 
differences are determined by calculating: rji+i - r]i,r}i+2 - Vh Vi+3 - 'Hi, and 
»^+4 — flh where i=l,2,3,....,..respectively.In this way n-particle correlations 
may be searched for by plotting the rapidity differences between the n"* near-
est neighbours as histograms [4-5]. 
The characteristics of clusters is explained by studying rapidity gap dis-
tributions in terms of the predictions of Snider's model [1]. This model is 
essentially a two-channel generalization of the Chew-Pignotti multiperiph-
eral model [2].It may be noted that Snider's model predicts the rapidity gap 
distribution to have the following form: 
dn/dr = Aexp{-Br) + Cexp{-Dr) (1) 
where A, B, C and D are constants and 'r' is the rapidity difference between 
the n*'' nearest neighbours; the values of parameters A, B, C and D have been 
predicted to have the values 2.40, 3.10, 0.20 and 0.90 respectively [1]. The 
first and the second terms in Eq.l represent respectively the contribution of 
short- range and long-range correlations.The values of the slope parameters 
'B' and 'D' are regarded to be the measures of cluster size and cluster den-
sity [1-5].An attempt is made to investigate correlations amongst relativistic 
charged particles as well as dependence of cluster size on i) the target mass 
and ii) multiplicity of relativistic sharged particles, n,. 
4.2 Dependence of cluster size on target mass 
For examining the dependence of cluster size on target mass, rapidity 
gap distributions for two-, three-, four- and five-particles are analysed for the 
interactions due to CNO, AgBr and emulsion targets. Rapidity gap distri-
butions between two consecuetive particles for the interactions due to CNO, 
AgBr and emulsion targets are exhibited in Fig.4.1. It is clearly observed 
that the distributions peak at relatively smaller values of rapidity gaps, r , 
for all the three classes of intactions. Hence, it can be concluded that two-
particle correlations exist in these interactions. Three-,four- and five-particle 
rapidity gap distributions for CNO, AgBr and emulsion targets are displayed 
in Figs 4.2, 4.3 and 4.4, respectively. It is seen that sharp peaks occur in the 
case of three- and four-particle rapidity gap distributions, however no such 
behaviour is observed in case of five-particle rapidity gap distribution.These 
observations, therefore, tend to suggest that, whereas two-, three- and four-
particle correlations are present,five-paj:ticle correlation may not exist.Using 
Eq.l,best fits to the data are obtained and are shown by solid curves in each 
figure; these fits are obtained using CERN standard program MINUIT.The 
two broken lines in each figure represent the contributions of the two expo-
nential terms individually appearing in Eq.l. From Figs 4.1-4.3, it can easily 
be inferred that the long-range contribution to two-, three- and four-particle 
correlations is quite negligible, whereas the short-range contribution is quite 
significant. 
The values of parameters A, B, C and D appearing in Eq.4.1, obtained 
for these distributions alongwith the corresponding values of -y^jD.F. are 
Hsted in Table 4.1. As can be seen from the table, the value of the parameter 
'B' remains essentially the same for the interactions due to CNO, AgBr and 
emulsion targets, that is, parameter 'B' is independent of the target mass. 
Moreover, the value of 'B' shows a decreasing trend with increasing cluster 
size. However, the value of parameter 'D' is almost unaffected by cluster size 
as well as target size. 
Uncorrelated production of particles can be investigated by fitting five-
particle rapidity gap distribution for the CNO, AgBr and emulsion targets 
with Wigner distribution [11], which is one of the nearest neighbours of the 
Gaussian Orthogonal Ensemble (GOE)-type distribution, represented by the 
expression : 
P{z) = '!r/2x[exp{-7rx'^/4)] (2) 
wher X = r/(r), (r) being the mean rapidity gap between the nearest neigh-
bours for the entire events for a particular group of interactions considered in 
the present study. The absence of five-particle correlations is further substan-
tiated by the fact that the five-particle rapidity gap distribution is reproduced 
reasonably well by the Wigner distribution. 
0 01: 
OS 10 15 20 25 30 
1-
0.1, 
0 01-
\ 
\ 
L., \ 
' " • " ; • -
f" 1 ' 1 — 
EMULSION 
O ^ 
r— , , 1 1 f - 1 
05 10 15 20 26 30 
r 
Fig.4.1 Two-particle rapidity gap distributions in 
28 14.5A GeV/c Si-nucleus interactions. 
0.01-
T3 
0.01 
c 
•o 
1-
0.1-
0.01-
r 
^n 
'Xl EMULSION 
\ X 
\ \1 
^ \ 1 \ ^ —, ^ ^ > L 
^ ^rJ-n 
"" ^ -v \ ^ ~ \ ^ 
-v, ^^v V ~ * ^ S . J 
\ "• - ^ ^ N i ^ 1—' 1 
\ ^ -^Sw_ 1 
J 1 . , . 
1 2 
1 
3 
n,n 
4 
Fig.4.2 Three-particle rapidity gap distributions in 
28 14.5A GeV/c Si-nucleus interactions. 
1 
1 -
0 1 -
0 01 -
P v , CNO 
\|_ 
-Vr 
5 
•§ 01 
" ' * L T V 
AgBr 
Fig. 4.3 Four-particle rapidity gap distributions for CNO, AgBr 
and emulsion targets in 14.5A GeV/c ^®Si-nucleus 
collisions. 
RAPIDITY GAP 
RAPIDITY GAP 
O 
It 
ai 
00 S 
D 
Z 
RAPIDITY GAP 
Fig. 4.4 Five-particle rapidity gap distributions for CNO, AgBr 
and emulsion targets in 14.5A GeV/c ^®Si-nucleus 
collisions. The curves in the figure represent the 
Wigner distribution. 
Table4.1 
Values of the psirameters occurring in Eq.(4.1) obtained for 14.5A GeV/c 
^*Si-nucleus interactions for different targets. 
Cluster size A B C D X^/D.F x^/D.F (Wigner dist.) 
Emulsion 
Two-particle 4.25±0.39 4.87±0.32 0.11±0.03 1.02±0.15 0.12 
Three-particle 3.01±0.32 3.37±0.33 0.25±0.20 1.17±0.20 0.18 
Four-particle 2.34±0.10 2.72±0.05 0.37±0.01 1.05±0.07 0.10 
Five-particle 1.85±0.10 1.77±0.09 0.31±0.12 1.69±0.16 0.48 0.78 
AgBr 
Two-particle 3.83±0.20 5.23±0.13 0.23±0.02 1.32±0.06 0.17 
Three-particle 3.17±0.20 365±0.10 0.25±0.01 1.00±0.03 0.25 
Four-particle 2.45±0.36 2.46±0.21 0.15±0.03 1.04±0.08 1.17 
Five-particle 2.27±0.13 2.10±0.04 0.29±0.02 0.98±0.03 0.31 2.85 
CNO 
Two-particle 4.02±0.29 4.83±0.20 0.09±0.01 0.85±0.10 0.20 
Three-particle 3.13±0.20 2.98±0.10 0.21±0.01 0.80±0.03 0.52 
Four-particle 2.10±0.27 2.54±0.20 0.51±0.30 1.00±0.04 0.28 
Five-particle 2.93±0.20 2.30±0.04 0.29±0.04 0.57±0.10 0.24 0.17 
4.3 Dependence of cluster size on n^ 
In order to investigate the dependence of cluster size on relativistic charged 
particle multiplicity, the data on 14.5 A GeV/c ^*Si-nucleus interactions is 
divided into three groups on the basis of their ng values : (i) n^  < 9, (ii) 10 
< n, < 20 and (iii) n, > 21. 
Rapidity gap distributions for two adjacent particles and two alternate 
particles in different n^-bins are exhibited in Figs 4.5 and 4.6, respectively. 
The distributions exhibit sharp peaks at relatively smaller values of rapidity 
gaps, r , and hence support the idea of occurence of two- and three-particle 
correlations. The solid curves in the figures represent best fits to the data 
obtained using Eq.l. The two broken lines represent the contributions due 
to the two terms in Eq.l. It is clear from the plots that in case of two- and 
three-particle rapidity gap distributions, the short range correlation plays a 
predominant role in comparison to the long range correlation.Four-particle 
rapidity gap distribution shown in Fig.4.7 does not exhibit any sharp peak 
in the case of interactions with n, < 9. However, relatively sharper peaks 
occur in case of interacions with n, > 10 for four-particle rapidity gap distri-
butions.This observation would tend to suggest that four-particle correlation 
occur only in the interactions having n, > 10.As can be seen from Fig.4.8, 
no sharp and distinct peaks are observed in five-particle rapidity gap distri-
butions for all the interactions lying in the three n, intervals. Hence, it can 
be stated that five-particle correlation does not occur. 
Using Eq.l, best fits to the data are obtained and are shown by solid 
curves in each figure. These fits are obtained using the CERN standard pro-
gramme MINUIT.Values of these parameters together with x^/D.F. for each 
fit are given in Table 4.2. The value of parameter 'B', which is regarded 
as the strength of the correlation[1-2],is found to increase with increasing 
n,. But it is observed to show a decreasing trend with increasing cluster 
size. However the value of 'D' does not show any definite trend for the three 
Hg-bins from which it can be concluded that the particles are produced inde-
pendently, without any intermediate cluster being formed.This independent 
particle production contributes to the rapidity gap distributions at higher 
values of rapidity gaps. 
Uncorrelated production of particles in different nj-bins can be examined 
by comparing the five-particle rapidity gap distributions with the Wigner 
distribution. Also, four-particle rapidity gap distribution for the interactions 
with n, < 9 is compared with the Wigner distribution Fig 4.7. Wigner dis-
tribution a nicely fits with the four-particle rapidity gap distribution for the 
1 1-
0 1 -
*JV 
\N^ 
' • • - \ - , ^ ^ 
— 1 — 1 — I — ' — 1 — • — 
n < 9 
1 
00 05 10 15 
r 
20 
00 05 
1-
0 1 -
^\1 
\ 
10<n,<20 
\ \ n 
1 , 1 r* ' 1 - ^ 
10 15 
r 
2.0 
T3 
1-
1 
1 
0 1 -
0 01 -
\ 
n>21 
\ \ 
• . , . \ ^ 
\ ^ ^ 
~~-,_ 
I 1 1 1 1 1 1 1 1—H 1 1 1 1 ' r 
[ • • ^ 
1 
0.0 0.2 0.4 0 6 0.8 1.0 12 14 16 18 
r 
Fig.4.5 Two-particle rapidity gap distributions in 14.5A GeV/c 
^®Si-nucleus interactions 
10<n<20 
Fig.4.6 Three-particle rapidity gap distributions in 14.5A GeV/c 
26 Si-nucleus interactions. 
1 
07-
06-
05-
04-
03-
0 2 -
0 1 -
00 -
-
/ 
1 
J 
u 
/ . 
/ 
— 1 1 — 
IH j \ 
n^<9 
'-NJhn 
1 , , , , ~± : ^ - ^ 
2 3 
r 
I 
1 , 
0 1 -
0 01 -
\ ^ 
— ' J— • r ' 
'^S^ 
'^. -^ ^^ ^^  
— 1 1 1 1 - • — 
1 ' 
n^>21 
L 
0.0 05 10 15 20 25 
r 
Fig.A.T Four-particle rapidity gap distributions for 14.5A GeV/c 
28 Si-nucleus interactions 
06-
05-
04 -
03J 
02-
0 1 -
00-
/ / 
/ 
n<9 
s 
Jl 
J" 
-> 
f 
^at—^— .—^— .—,— .—^— 
I 
Fjg.4.8 Five-particle rapidity gap distributions for 14.5 A GeV/c 
28 Si-nucleus interactions. 
interactions having n, < 9 and five-particle rapidity gap distributions.Fig 4.8 
for all the three n,-bins.For each fit the values of x^/D.F. are given in Table 
4.2. 
Table4.2 
Values of the psirameters occurring in Eq.(4.1) obtained for 14.5A GeV/c 
^*Si-nucleus interactions in different n, intervals. 
Cluster size A B C D x V ^ . F xVD.F(Wigner dist.) 
n , < 9 
Two-particle 4.00±0.44 4.40±0.30 0.35±0.03 0.69±0.02 0.24 
Three-particle 4.10±0.39 3.90±0.28 0.18±0.01 1.37±0.05 0.15 
Four-particle - - - - - 0.10 
Five-particle - - - - - 2.15 
10 < n , < 20 
Two-particle 4.20±0.39 4.98±0.40 0.60±0.02 0.70±0.02 0.28 
Three-particle 3.67±0.22 4.40±0.65 0.23±0.02 1.92±0.31 0.10 
Four-particle 3.82±0.04 3.93±0.12 0.18±0.01 1.39±0.68 0.13 
Five-particle - - - - - 1.13 
n, > 2 1 
Two-particle 3.66±0.42 6.54±0.20 0.42±0.03 0.87±0.03 0.15 
Three-particle 3.39±0.20 4.72±0.10 0.32±0.02 0.83±0.07 0.13 
Four-particle 4.09±0.10 2.94±0.32 0.37±0.05 0.93±0.01 0.14 
Five-particle . . . . . o.82 
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CHAPTER V 
Summary and Conclusions 
For the last more than 25 years, physicists have been carrying out experi-
ments by colliding heavy ions to understand various interesting features of 
nucleus-nucleus collisions. These experiments have been performed by gath-
ering evidence from several experiments for studying the behaviour of several 
observables. 
The study of emission characteristics of the produced particles is consid-
ered to be of much importance because such studies, if done in a systematic 
and orgamized manner, can give deep insight into the underlying mechanism of 
multiparticle production. The study of mean multiplicities of different types 
of secondary particles has revealed that the mean multiplicity of relativistic 
charged particles, (n,), depends strongly on the masses of the projectile as well 
as target nuclei. Also, (n,) is found to increase rapidly with incident energy, 
whereas the values of (rib) and {ug), within error limits, are found to be in-
dependent of the projectile energy. However, the values of (n^) and (ug) are 
found to depend on the mass of the target nuclei. The dependence of multi-
plicity distribution on target mass is found to be, as expected, broader for the 
heavier targets as compared to the lighter ones. Also, it is found that the Neg-
ative Binomial Distribution (NBD) reproduces the multiplicity distribution of 
relativistic charged particles, n, and compound multiplicity, Uc, very well. 
Study of correlations amongst the produced particles clearly reveal a linear 
dependence between the mean multiplicity of heavily ionizing particles and n,. 
Also, {nit) and (ric) axe found to be strongly correlated with n^  in comparison 
to (nfc) and (rig). 
The pseudorapidity distribution of relativistic charged particles was ob-
tained and it was found that the distribution is nicely fitted by Gaussian 
distribution. To see the dependence of rj distribution on the multiplicity of 
relativistic charged particles, n,, 77 spectra of relativistic charged particles was 
plotted for three different n, intervals : i) n, < 9, ii) 10 < n, < 20 and iii) 
n, > 21. All the three distributions exhibit a sharp peak in the central region 
of T) spectrum, thereby, implying that the central part of 77 distribution is en-
riched with particles. A plot of average value of pseudorapidity, (77), for the 
three intervals of ria reveals certain interesting features. For each distribution, 
the peak shifts towards lower values of {q) with increasing rig and height of 
the peak also increases with increasing Ug. 
The clustering of particles can be studied by the dispersion of the rapidity 
distribution, 0(77). Each D{TI) distribution for above three ris intervals exhibits 
a peak in the central part of the D(7;) distribution, indicating thereby the oc-
currence of clusters. The distribution of shower widths, R(77), has a clear and 
distinct peak in the mid shower-width region and the peak of R{r]) distribution 
is observed to shift towards higher values of R(77) with increasing multiplicity 
of relativistic charged particles. 
To study correlations amongst the secondary produced particles, the behaviour 
of the rapidity gap distributions between the nth nearest neighbours are exam-
ined and the plots are fitted using Snider's model. From these studies, it can 
be concluded that in these collisions an intermediate cluster is formed before 
finally decaying into real physical particles. The dependence of cluster size 
on target and multiplicity of the relativistic charged particles has been stud-
ied. Two-,three- and four-particle rapidity gap distributions show clear and 
discernible peaks, whereas no such peak is observed in the case of five-particle 
rapidity gap distribution, thereby indicating that the maximum number of rel-
ativistic charged particles constituting a cluster may be four. Also, this number 
is found to be essentially independent of the target size. For the events with 
Ug < 9, the maximum number of relativistic charged particles constituting a 
cluster is found to be three, whereas for the interactions with rij > 10, this 
number is turns out to be four. From this result we can conclude that cluster 
size strongly depends on the multiplicity of relativistic charged particles. 
